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In recent years there has been a marked increase in 
literature concerned with electrochemical reactions of 
various organic materials. This recent emphasis has been 
propagated from three different areas of worldly needs. 
Perhaps the most important need of society is readily 
available energy essential to man's present standard of 
living. In 1960, energy comsumption per person in the 
United States amounted to 34 horsepower per hour. As this 
demand is increasing by about 3 per cent annually, by the 
year 2000 energy comsumption will be 2.8 times its present 
value. An efficient means of meeting this energy require-
ment i s provided by the fuel cell in which the energy of 
chemical reaction is converted directly to electrical 
energy . 
A second reason for increased interest in electro-
chemical organic reactions is the recent achievement of 
Monsanto Company in developing the first sucessful indus-
trial electrochemical process for an organic product. (l) 
The process involves the conversion of acrylonitrile to 
adiponitrile. The process has "led the way" for some 300 
patents involving organic electrochemical systheses . 
Thirdly, d emand for an efficient and compact elect r i-
cal source for space flight has generated much research 
through government sponsorship. 
2 
The object of this investigation was to establish a 
mechanism for the anodic oxidation of acetylene on gold 
electrodes in aqueous solutions. It is known that anodic 
oxidation of organic compounds on gold electrodes produces 
a large number of organic intermediates and end products. ( 2 ) 
Therefore, it appeared worthwhile to establish a mechani s m 
that could provide a better understanding of the fuel cell 




A disc ussion of all the literature pertaining to 
e lectrochemical oxidation of organic chemicals would be 
voluminous and much of it would not be applicable to the 
present work. Accordingly this review is limited to a 
brief discussion of electrochemical rate equations, anodic 
oxidation of ethylene and acetylene, and a summary of the 
theories related to rest potentials . 
I. ELECTROCHEMICAL RATE EQUATIONS 
The rate of an activation- controlled reaction at an 
electrode, for unit activity of the reacting species , is 
given by: (2 , 3 ) 
1 aF(V- V +9 -a) 
R = kl exp[ pzc m 1 
RT 
1 -(1-a)F(V- V +~ -a) 
- k exp[ pzc rn ) (1) 
-l RT 
where, 
R = rate 
I 
k = rate constant 
a = symmetry factor 
v = potential of electrode (NHS} 
vpzc = potential of zero charge (NHS} 
~ - electronic work function ~m -
a = constant 
It is convenient to define the overall rate constants as: 
= 
1 aF(-V +4> -a) 
kl exp[ pzc rn ] 
RT 
(2) 
1 -(1-a)F(-V +~ -a) 
= k_l exp[ pzc m ] 
RT 
(3) 
Substituting equations:(2) and (3) into equation (1) and 
multiplying both sides by nF, . where n is the number of 
electrons transferred and F is the Faraday constant, the 
general equation for an electrochemical reaction is ob-
tained; 
i = nFR = aFV -(1-a)FV nFk1 exp[ RT] - nFk_1 exp[ RT ] ( 4 ) 
where, 
i = current density 
When the electron trahsfer step represented by equation 
(4) is rate controlling and V is at least 0.05 v above 
the reversible potential, the backward reaction is negli-
gible and only the first term on the right hand side is 
considered. 
In order to illustrate the "chemical" catalytic 
a c tivity of the different metals, the influence of the 
electric field must be eliminated. The potential of the 
electrode (electric field across the interface) can be 
written as: 
v = 61f + 6x 
where, 
61f = potential difference due to excess 
charge on the metal 
6x = potential difference due to orienta-
tion of dipoles. 
·It is customary to define the "chemical" rate as the 
reaction rate when 61f = 0, i.e., at the potential of zero 
charge on the metal. The potential of zero charge (V ) pzc 
therefore contains a dipole term. This can be due to the 
orientation of water dipoles at the interface and the ad-
sorption of the reactant or intermediate reaction products 
on the electrode. Thus, the potential of zero charge is 
dependent of the type of solution employed. 
It should be noted that the potential of zero charge 
is treated as a constant in equations (2), (3), and (4). 
Since it may vary with solution composition, the exponen-
tial term in equation (4) should contain the term v pzc 
This concept has been employed to explain certain pH 
effects on electrode reactions. 
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II. ANODIC OXIDATION OF ETHYLENE AND ACETYLENE 
The variables of study are current density {i), poten-
tial (V), temperature {T), pressure {P) of the gas being 
oxidized, and pH of the electrolyte. 
Ethylene Oxidation on Platinum 
6 
The anodic oxidation of ethylene has been studied in 
acid and alkaline media by Wroblowa, Piersma, and Bo~kris{ 3 ). 
It was found that the Faradaic efficiency for oxidation of 
the ethylene to carbon dioxide in acid solutions was 100 ± 1 
per cent. The value was based on complete oxidation accord-
ing to the reaction: 
In 1 N NaOH, the efficiency was 90 ± 5 per cent assuming, for 
complete oxidation, the reaction: 
Thus, it was assumed that branching, leading to products 
other than co2 and water (or protons) , does not occur to 
an appreciable extent. 
The rest potential of Pt in 1 N H2so4 in a nitrogen 
atmosphere (1 atm) was 0.23 v . Upon introduction of 
ethylene, the rest potential shifted to 0.25 v . This value 
was decreased by 70 mv per unit of increasing pH and was 
independent of the partial pressure of ethylene (PE) in the 
-4 
range, 10 <PE<l.O atm. It was mentioned that the small 
change of the rest potential upon introduction of ethylene 
exemplifies the danger of deducing information concerning 
reactivity of an electrode from effects on the rest poten-
tial. 
The current potential relation determined at 80°C and 
1 atm ethylene pressure revealed a linear Tafel region with 
a slope of 140~160 mv or approximately 
( 2) ( 2. 3RT/F) = 0 .14 0 v, or 14 0. 0 mv 
The current decreased rapidly at V = 0.9v (NHS). This 
effect was explained by accumulation of PtO causing the 
electrode to passivate. 
Current potential relations were also determined at 
-1 -2 -3 -4 
ethylene partial pressures of 10 , 10 , 10 , and 10 
atm. The length of the linear Tafel region was decreased 
considerably at lower pressures due to the current becoming 
diffusion limited. For a constant potential (and outside 
the diffusion limited region), the current was found to 
increase inversely with ethylene partial pressure, in 
other words, 
<a i > <O 
aP E V,T,pH 
This inverse pressure effect means that something other 
than ethylene, or a species derived therefrom, is involved 
in the rate determining step. 
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The current potential relationship was further affected 
by pH of the electrolyte. The experimental variation of 
current with hydrogen ion concentration was found to be: 
< a log i > = 0 . 4 5 apH V,T,P 
Current-temperature relationships were obtained and 
a value for the apparent activation energy (0.380 v) of 
20.5 ±1 Kcal was calculated. This value was not found 
to change systematically with potential for reasons 
attributed to the experimental error arising from the 
limited scope of temperature and potential over which the 
measurements could be carried out. The activation energy 
at the reversible potential was calculated to be 17 ±2 Kcal. 
Evidence was given that ethylene adsorbs onto Pt with 
a four point attachment. Thus, the a·~sorption isotherm 
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pressure equilibrium constant, atm-l 
concentration of ethylene in solution 
moles/cm3 
ethylene partial pressure, atm 
Experimental values of K were reported as 2.3 < K < 150 . p - p 
The negative pressure effect along with the T~fel 
slope of (2) (2.3RT/F) indicated the rate determining step 
to be one of the two reactions : 
--> + OH (ads)+ H (sol) + e (G) 
OH (sol) --> 
The reaction sequence was represented as: 
C2H4 (sol) <--
--> 
( H20 (sol) --> 
r.d . s. ( 
-( OH (sol) --> 
C2H4(ads)+ OH (ads) --> 
Thus the rate equation was expr essed 
aH o<l-eE) i = k6 
2 
or, 
i = k7 aOH- (1-eE) 
+ 
OH(ads)+ H (sol)+ e 
OH(ads)+ e 
• 2C0 2 + l lH+ + lle 
as: 
aFV 
exp [ RT] (8) 
aFV 
exp[ RT] (9) 
In the above equations, it was assumed that the coverage of 
all species on the electrode was small compared to that of 
ethylene. Since neither (8) nor (9) expla i ns the pH depen-
dence, a modification of the mechani s m was made . It was 
assumed that: (1) H2o undergoes charge transfer only when 
oriented with the oxygen atoms toward the electrode, and, 
10 
(2) the potential of zero charge decreases with pH accord ing 
to the equation 
vpzc = 
A theory was developed consistent with that of previous 
investigators( 4) who were involved with mechanisms involving 
H2o discharg e as the r.d.s. · The final form of the rate 
equation was given as 
0 RT aF k 5aH 0 (1-eE) exp[V-(Vpzc+ -pln aH+)]RT . 2 
i = 
It was further concluded that since the variation of log i 
with pH remained constant throughout the entire pH range 
and since H2o discharge was the only way to supply adsorbed 
OH in acid solutions; H2o discharge, equation (6), was the 
rate determining step for the entire pH range. 
d . (S) . d t t d f Green, Weber, an Draz1c carr1e ou a s u y o 
anodic oxidation of ethylene on platinum electrodes in 
1 N NaOH solutions. Current-voltage curves indicating a 
Tafel slope of (2) (2 . 3RT/F) were found . Ethylene partial 
pressure had no measurable effect on the current-voltage 
11 
curve in the Tafel region. The Pt electrode was found to 
become ''passivated" at about 0.0 v. Studies over periods o f 
several hours showed that the electrode became continuous ly 
l ess active with time. Experiments were carried out in a 
closed cell arrangement, where ethylene consumed at the 
anode and coulombs passed could be measured simultaneously . 
Within experimental error the ethylene was found to be 
totally oxidized. 
Due to the lack of ethylene pressure dependence and a 
Tafel slope of (2) (2.3RT/F), the mechanism proposed was as 
follows : 






The possibility of an intermediate at high coverage dis-
charging and being the rate determining step was discussed. 
This mechanism was discarded, however, because evidence was 
presented which indjcated the coverage of carbon containing 
species decreased in going to more positive potentials. 
When this observation was coupled with the fact that current 
values increased with increasing potential, the possibility 
of an intermediate discharge was reported to be unlikely. 
Ethylene Oxidation on Various Noble Metals 
Dahms and Bockris( 2 ) studied the electro-oxidation of 
ethylene on bright noble electrodes (Au, Ir, Pd, Pt , and 
Rh) in sulfuric acid solutions. The primary objective of 
the investigation was to determine the relative catalytic 
activity of the metals, however some mechanisms were 
lZ 
suggested. A summary of the results obtained is presented 
in Table I . Pt, Ir, and Rh were found to behave somewhat 
similarly as did also Au and Pd. It is therefore convenient 
to discuss the results of the two groups separately. 
In sulfuric acid- sodium sulfate solutions of constant 
ionic strength and concentrations ranging from 0.01 to 1 . 0 
M H2so4 , the chemical reaction rates at the potential of 
zero charge (analogous to catalytic activity) for the 
group Pt, Ir, and Rh were found to vary in the order Pt> 
Rh > Ir. Other parameters of study such as the extent of 
oxidation , Tafel slopes, pH effect, partial pressure , and 
temperature for this group were found to be consistent with 
the results presented by Piersma , et al earlier in the 
discussion of the anodic oxidation of ethylene on Pt. There-
fore, it was concluded that water discharge is the rate 
determining step for , the anodic oxidation of ethylene by 
metals of this group. 
The metals behaved somewhat differently in that the 
lengths of the linear Tafel region for Ir and Rh were very 
TABLE I 
SUMMARY OF RESULTS FOR OXIDATION OF ETHYLENE ON NOBLE METALS( 2 ) 
Metal· Reaction "Chemical" pH Tafel slope Heat of 
Product reaction rate dependence aE Sublimation <2.3alog i)pH,P 
aE 
at p.z.c.* { apH)i,P mv {from literature) 
amp/em 2 Kcal/mole 
Platinum co2 lxl0-
7 70 160 125 
Iridium co2 lxlo-
11 75 132 165 
Rhodium C02 5xlo-
11 70 155 138 
Gold No C02 , 
aldehydes lxlo-11 0 72 84 
Palladium No co2 , 
aldehydes 7xlo-10 0 80-110 91 
--------------------------------------- ---·--·-




short with respect to Pt and that for Pd shorter than for 
Au. The limit of the Tafel line was attributed to an oxide 
formation which tended to passivate the electrode. 
Vastly different results from the above were obtained 
for the oxidation of ethylene on Au and Pd . The main 
reaction products were aldehydes and ketones , with apparent-
ly no co2 production. Thus, the approximate number of 
electrons transferred per ethylene molecule was two . 
Current-potential plots in solutions ranging from 
0 . 1 to 2.0 M H2so4 indicated that pH had essentially no 
effect on the Tafel curves. The slope of the linear Tafel 
region was found to be 2 . 3RT/F (70 mv) for the Au electrode 
and 80 - 110 mv for the Pd electrode. 
For a constant potential, current was found to decrease 
with decreasing ethylene partial pressure, in other words, 
the system exhibited a positive pressure effect: 
ai ) >O • 
apE V, pH 
The following mechanism was proposed for the Au, Pd 
group; 
C2H4(sol) <-- C2H4(ads) - -> 
+ 
C2H4(ads) <- - C2H4(ads)+ e --> 
+ C2H40H(ads)+ H+ r.d.s . C2H4(ads) + H2°(sol ) - > (sol) 
fast C2H40H(ads ) - > C2H4°(so l )+ 
+ 
H (sol) + e. 
15 
It was acknowledged that more work was needed to verify the 
above mechanism , but that it was consistent with t he results 
given thus far. 
A hypothesis was proposed to explain the difference in 
the oxidation products of the Pt, Ir, and Rh group (C02 ) and 
those of the Au, Pd group (aldehydes and ketones). As seen 
in Table I , there is a large difference in the heats of 
sublimation of the first and second groups of metals . Using 
these data in Paulings ' equation to determine the bond 
strength of a partially covalent bond between a mP.tal and a 
carbon atom, it was found that the bond strengths of the 
metals in the first group were about 20 Kcal higher than 
those of the second group. Consequently , the bond of the 
metal- organic intermediate of the Au , Pd metals could be 
broken more easily. Therefore, an incomplete oxidation 
would be feasible because intermediate oxidation products 
would have a higher rate of desorption. 
Dahms and Boc~ris also performed some experiments in 
order to determine the oxygen coverage at various potentials 
for the five metals involved in their study. A sunm1ary is 
given in Figure 1, where per cent oxygen coverage is given 
as a function of potential . It was concluded that•the rat0 
at which the oxidation reaction can occur is limited 















600 700 800 900 1000 1100 1200 
Potential, rnv{NHS) 
Figure 1. Oxygen coverage on various noble electrodes. (2) 
becomes appreciable at higher potentials in the order Rh > 
Ir > Pt and Pd > Au. This conclusion was consistent with 
the experimental results. 
Oxida tion of Acetvlene on Platinum 
Anodic oxidation studies of acetylene on Pt have been 
performed by Johnson, Wroblowa, and Bockris( 6 ). The 
eff i ciency of co2 production was found to be 100 t 1 per 
cent in acid and 95 t 5 per cent in alkaline solutions. 
The consumption studies were based on the following 
reaction: 
+ 2co2 + lOH + lOe . 
An analysis was made of the 1 N NaOH anolyte to determine 
the presence of any organic substances that might be pro-
ducts of branching reactions. An ultraviolet spectrum of 
17 
the electrolyte showed no significant absorption, indicating 
no conjugated unsaturation, such as might be suspected for 
polymerization reactions. Infrared spectrograms of samples 
obtained by extracting portions of the electrolyte with 
benzene, ethyl ether , and n-hexane revealed nothing other 
than sodium carbonate. Thus, it was assumed that no 
branching leading to products other than co2 and H2o occurs 
to an appreciable extent. 
current- potential relations were determined in solutions 
with pH values ranging from 0.3 to 12.6 • A~though the 
individual plots were displaced as a function of pH, the 
slope of the linear Tafel region was found to remain co!<-
stant at about 2.3RT/F (70 mv). Two other experimental 
values that were calculated from the current-potential 
plots are: 
alog i 
a pH V, P,T 
= 0.8 and av ~-=-) = -so mv. a pH i,p,T 
The effect of temperature was studied in both 1 N NaOn 
lf 
and l ~H2so4 . The shift in activation energy with potential 
was approximately - 25 Kcal/volt which compared well with the 
theoretical value ( aE /aV) = -F = -23.06 Kcal/volt . The 
a 
activation energy at the reversible potential was calculated 
to be 42 Kcal for acidic and 48 Kcal for alkaline solutions . 
Acetylene partial pressure studies were made in 1 N 
H2so4 and 1 N NaOH solutions. At constant potential , the 
current was found to increase with decreasing partial 
pressure in both solutions , however the effect was more 
pronounced in 1 N NaOH. 
Evidence was given that acetylene probably adsorbs 
with a four point attachment. Thus, the adsorption 
isotherm is the same as that for ethylene , equation (5) . 
Futher reasoning was given against the possibility of 
adsorbed c 2H2 splitting into two adsorbed CH groups. 
Finally the reaction path was formulated as : 
l S 
H20 (sol) <-- OH(ads)+ + (lO u. ) 
--> H(sol)+ e 
-OH (sol) <-- OH, d )+ e (lOb) --> ~a s 
r.d . s . C2H2(ads)+ OH(ads) --> C2H20H(ads) or, 
--> 
C2H. (ads)+ H2°(sol) 
. • • 2C02 + 9H+ + 9e 
The rate equation for the anodic oxidation of acety-
lene was then expressed as: 
where K is the equilibrium constant for equation (lOa) • 
In equation (11), total coverage,0T ' was assumed to be 
equal to 0A' or (l-0T) = (l-0A) . Since (lOb) is diffusion 
limited in acid solutions and since no transition was found 
in the (alog i/cpH) or (avjapH) plots in goi ng from acid to 
base solutions , step (lOa) was considered to predominate 
throughout the entire pH range . The same pH dependence is 
exhibited by either step , however. 
K values for the four point attachment isotherm were p 
calculated to be between 104 and 106 . Theoretical current-
pressure curves were constructed with various K values as p 
parameters using equation (11) and the isotherm relation 
between PA and 0A . Agreement with experimental data was 
found in acid solutions for a Kp For 1 N NaOH 
solution, the change of current with pressure at constant 
potential was about two to threR time s higher tha n th~ · 
predicted by the isotherm determined in acid solution . 
Variation of K to values considerably outside those usee p 
i n acid did not cover the observed discrepancy. 
It was suggested that the observed difference of the 
pressure effect in acid and base solutions might be ex-
plained by a different type of adsorption isotherm in each 
solution. Two possibilities were given: 1. In NaOH , a 
rearrangement occurs , so that the absorbed species are 
adsorbed with a decreased occupancy of o ne per acetylenic 
radical. 2. Acetylene does not form covalent bonds with 
d - electrons as assumed above, and on the basis of steric 
considerations it will occupy only two adjacent sites . 
In H2so4 , however , adsorption could occur along with 
hydration, according to the equation 
<---
---> 
and the resulting specie would occupy an area covering 
approximately four surface sites. 
All other theoretical predictions agreed well with 
experimental d a ta and it was concluded that the mechanism 
proposed account ed for the experimental results. 
III . OBSERVATIONS CONCERNING REST POTENTIAL 
20 
I n Table II the rest potentials obtained by Johnson, 
wroblowa, and Bockris(G) are given with ~espect to solutio n 
pH . The values were obtained in the presence of acetyiene 
TABLE II 
REST POTENTIALS FOR ACETYLENE ON P~ATINUM 
ELECTRODES IN AQUEOUS SOLUTIONS 
AT 80°C (G) 
pH 
12.6 
11 . 9 
8.7 
1 . 2 
0 . 3 
Pot ential , NHS 
(volts) 
- 0 . 58 
- 0.45 
-0 . 36 
+0 . 19 
+0.26 
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in solution and are about 0.35 v more positive than the 
reversible potential for the acetylene oxidation to co2 . 
S i milar differences between the rest and reversible 
~otentials have been reported for other hydrocarbons. ( 6 ) 
It is of interest to consider the possible nature 
of this potential. The principal facts with which an 
interpretation must be consistent are: 
1. It is linearly dependent on pH: aE/apH ~ -2.3RT/F. 
2. It is nearly independent of the nature of the 
hydrocarbon used. 
3. The partial pressure effect of the hydrocarbon is 
very small. 
4. The potential concerned differs little from that 
which exists in the nitrogen saturated solution 
before the ingress of the hydrocarbon. The 
average effect of adding the hydrocarbon is to 
make the rest potential more negative by 
approximately 20 mv. 
5. Purification of the solution has no effect. 
6. Temperature coefficient, ag;aT = o. 
7. Stirring has no effect. 
The above observations were made in studies concerne d with 
anodic oxidation of ethylene and acetylene on platin~~ . 





7he plan of experimentation pursued in this invcs tiga-
tion may be divided into four basic sections. (1) Current-
Potential Studies: This section includes the effect o f 
solution pH on the Tafel curves . (2) Current-Temoerature 
s~udies : The effect of temperature on the current at 
constant potential and pressure is presented. (3) Current-
Partial Pressure Studies: The effect of acetylene pa rtial 
pressure on the current in both acid and base solutions is 
contained in this section . (4) Faradaic Efficiency Studies: 
This section inc ludes the efficiency of conversion of 
+ 
acetylene to co2 and H2o (or H ) . Also, the results of 
various by- product analyses are given . 
A complete discus·sion of each section , including 
apparatus , procedure, results, and sample calculations is 
presented in this chapter. 
I . MATERIALS 
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The results of electrochemical reactions are dependent 
on a number of factors, among which purity of both the 
electrode and electrolyte are important . Therefore, a 
complete list of the materials and r eagents used in this 
investiaation has been included in Appendix A. 
II . PREPARATION OF ELECTRODES 
The working electrode, or anode, was gold, and the 
cathode was platinized platinum . Two reference electrodes, 
calomel and mercurous sulphate , were used. The fabrication 
of the anode and cathode is presented here. 
Anode 
The anode was of gold foil (0.005 inch thickness) witi1 
a width of 3 . 45 em and height 4 . 37 em giving a total area 
2 
of 30 . 2 em • A small hole was drilled near the top and a 
thin gold wire (26 gauge) was looped through it , and 
securely fastened . The gold wire (which lead outside the 
electrolytic cell) was sealed in a four millimeter glass 
tube . 
Cathode 
The cathode was made of 52 mesh platinum gauze foldeo 
on a platinum wire frame for support. The platinum lead 
wire was also sealed in a four mi:limeter glass tube . The 
2· 
electrode was platinized using a platinic chloride solution 
to which a trace of lead acetate had been added. The 
cathode geometric area was approxi mately 15 cm2 . 
III . CURRENT-POTENTIAL STUDIES 
A~naratus 
A list of all apparatus is included in Appendix B. 
A diagram of the cell and electronic equipment is shown 
in Figure 2 . 
The pyrex glass cell had three compartments : anodic, 
cathodic, and reference. The anodic and cathodic compa~t­
ments (capacity of 600 mi lliliters) were separated by a 
water-sealed stopcock which was open for potentiostatic 
and c:osed for galvanostatic operation. The reference 
electrode was connected to the anodic compartment through 
a water sealed stopcock and Luggin capillary . This 
stopcock remained clos€d . The reference electrodes were 
calomel with 1 .0 N KCl electrolyte for basic solutions 
and mercurous sulfate with 1.0 N H2so4 electrolyte for 
others. Both electrode compartments contained inlets for 
the nitrogen and/or acetylene purge . The anodic compart-
ment was thermostated by use of a thermocouple sensing 
device which controlled the current to a hea~ing tape 
wrapped around the anode comparb~ent . The heating and 
~ooling cycles were made approximately the same by aojust-
ing the voltage to the tape with a variable transformer . 
A sensitive gas rotameter was used to control the gas 
flow rate into the anode compartrr.ent . The rotameter was 
capable of metering both nitrogen and acetylene f:ow rates 
ipde pendently . 
2 S 
A -: ·.?otentiostat 
Re corder 
C - Temperature Controller 
D - Nitrogen Tank 
E - Acetylene Tank 
F - Gas aotarneter 
G - Glas s Cell 
H. - Platinum Cathode 
I . - Gold AnoC:<l 
J The rworneter 
K - Ternperat~re Sensor 
L - Reference Electro&e 
M - P.eati ng Tape 
N - Elec~~ica: Re: ay 





• . I P - W&ter- sealed gas ex.;.  .-.: ; 
Figure 2. Diagram ~f the app~ratus used f or curre~t 
potential studies. 
27 
An Anotrol potentiostat was used to maintain a consta nt 
potential difference between the gold and reference 
electrodes. The current, voltage, and rest potentials 
were recorded on a Mosely potentiomatic recorder. All 
e lectrical impulses to the recorder were outputs from the 
potentiostat. 
Procedure 
An important part of the procedure was anode activation. 
It was found that reproducible results were dependent on the 
manner in which the anode was activated . 
The anode was activated before each experiment. It was 
placed in a solution of dilute sulfuric acid (1.0 N) along 
with a small gold strip which acted as a counter-electrode . 
Approximately 2.5 inches separated the electrodes. A power 
supply was connected to the electrodes through a double-
pole double-throw switch so that the polarity of the current 
was reversed by turning the switch. Four amperes were used 
to activate the 30.2 square centimeter electrode. The 
electrode was alternately made cathodic (hydrogen evolution) 
and anodic (oxygen evolution) for pulses of seven seconds 
during a one minute period. The pulses were stopped on a 
cathodic pulse and hydrogen was evolved for two minutes. 
The anode was immediately removed, rinsed with distilled 
water, and transferred to the cell. The cell had been 
previously charged with enough solution to completely cover 
the electrodes (~400 milliliters) • The activated anode 
was placed in the cell and nitr~gen purgi~g and heating 
initiated. After about 10 minutes, the nitrogen flow was 
stopped in the anode compartment and acetylene was intro-
duced. The anode was adjusted so that its bottom e~ge just 
contacted the Luggin capillary . Potential measurement~ 
were started when nitrogen flow and heating commenced . 
The potential was allowed to come to steady state with no 
current flowing (rest potential). The rest potential was 
usually obtained within an hour of starti~g and was about 
0.28 v(NHS) in 1. 0 N H2so4 . The potential on the anode 
was then increased approximately 0.1 to 0.2 v above the 
rest potential and held constant by means of the poten-
tiostat. After the curr ent had come to a steady state, 
the potential was again increased by 0.050 v. In most 
cases, a steady current (less than a ten per cent change 
per hour) was reached within 45 minutes. This procedure 
was continued until a limiting value of the current was 
reached. The current and potential were recorded for 
each case. 
Data and Results 
Current-potential relationships were found in six 
solutions with pH values of 0.35, 1.45, 6.0, 8 . 6, 11.6 
and 12.5 • The normality of the various sol~tions was 
kept constant at unity by addi~g K2so4 • The temperature 
28 
was kept constant at 80 t 0.5 °C. The acetylene pressure 
was 1.0 atm and its flow rate was 50 cm3/min. 
The data obtained have been plotted in Figure 3 and 
tabulated i n Appendix c. Thero is an apparent transition 
(inflection point) in the curves for solutions with pH's 
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of 6.0 through 12.5 . The transition is in the upper 
region of the Tafel curve at a pH of 6.0 and has moved to 
the · l ower end of the Tafel curve in strong base (pH = 12.5). 
Towards the end of an experimental run in 1 N H2so4 , 
the solution had become orange-brown in color and the anode 
had a thin film formed on it. This thin film and solution 
coloring were observed in all solutions except 1 N NaOH. 
In 1 N NaOH, the solution was still colored, but the gold 
was bright and no visible film was observed. In acid 
solutions, the film was dark in color, and in the neutral 
and slightly basic solutions, it was light tan to almost 
colorless. 
In Table III, the rest potentials obtained for the 
various pH's have been recorded . The rest potential 
decreased with increasi~g pH. 
The slope of the linear Tafel r egion was found to be 
approximately 140 mv (120 to 155 mv) in both acidic and 
basic solutions. The slope of the linear section above and 
below the transition region did not appear to change. 
~ ,') 
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EJ pH = 8.6 
8 pH = 11.6 o.o 
0 pH = 12.5 
10-6 10-5 10-4 10-3 10-2 
i, arnp/crn2 
Figure 3. Tafel curves for the anodic oxidation of 
acetylene on a gold electrode at 80 °C. 
TABLE III 
REST POTENTIALS ON GOLD ELECTRODES 




6 . 00 
8.60 





- 0 . 35* 
-0 . 495* 
-0 . 665* 





0 . 282 
0.137 
0.033 
- 0 . 200 
- 0.342 
*Using an Hg/Hgso4 ,' 1 .0 N H2so4 reference electrode 
( 0 • 6 3 2 v ( NHS) ) • 
** Using a Hg/Hg 2c l 2 , 1.0 N KCl reference electrode 
(0 . 268 v(NHS) ). 
' 
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In Figures 4 and 5, values of current density and the 
corresponding pH are shown for a potential of 0.40 v. The 
values have been tabulated in Table IV. The values were 
obtained by extrapolating the linear Tafel regions and 
as s uming in each case a slope of 140 mv. The slope of the 
curves in Figure 4 and 5 are reported for each pH value 
in Table IV as an approximation to the (alog i/apH) . It 
v 
was considered necessary to treat the sections above and 
below the transition region separately. 
The variation of potential with pH has b e en plot ted 
in Figure·6 and tabulated in Table V. The values were 
obtained by extrapolation of the linear Tafel regions to 
-4 2 
a current density of 10 amp/em . The slopes of the 
curve s for each pH value are reported as an approximation 
to the (av;apH)i. 
IV. CURRENT-TEMPERATURE STUDIES 
Apparatus 
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The apparatus employed in this section was the same as 
that described in the previous section. 
Procedure 
The cell was charged with solution and the anode 
activated and positioned as described previously . The 
potential was held constant at some point near the c e nter 









Constant Potential = 0.40 v{NHS) 
{Below Transition Region) 
I 
2.0 4.0 6.0 8.0 10.0 12.0 14.0 
pH of Electrolyte 
Figure 4. Effect of electrolyte pH on the current 
density for the anodic oxidation of acetylene on gold 












Constant Potential = 0.40 v(NHS) 
(Above Transition Region) 
2.0 4.0 6.0 8.0 10.0 12.0 14.0 
pH of Electrolyte 
34 
Figure 5. Effect of electrolyte pH on current density 
for the anodic oxidation of acetylene on gold electrodes 
at 80 °C. 
pH 
0.35 
1 . 45 
6.0 
8 . 6 
11.6 
12.5 
6 . 0 
8 . 6 
11 . 6 
12.5 
TABLE IV 
CURRENT- pH RELATION FOR ANODIC OXIDATION 
OF ACETYLENE AT A CONSTANT POTENTIAL 




Below Transition Region 
l. l x l0 - 7 
- 6.959 
1.2xl0 - 7 - 6.911 
2.0xl 0 - 6 - 5.699 
3.55xl0 - 5 -4.45 
2.4 6xl0 -3 - 2 . 61 
2.24xl0 - 2 -1. 65 
Above Transition Region 
5.8xl0 - 7 -6 . 267 
3 . 0x10 - 6 - 5.523 
4.6x10 - 4 - 3 . 34 





0 . 55 
0.91 
0.94 
0 . 10 
0.48 
1 . 03 
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0.2 Constant Current = l0-4amp/cm2 
0.1 
o.o 2.0 4.0 6.0 8.0 10.0 12.0 14.0 
Electrolyte pH 
Figure 6. Potential as a function of solution pH for 
anodic oxidation of acetylene on a gold electrode at 80 °C. 
TABLE V 












OF ACETYLENE AT A CURRENT DENSITY OF 
Potential 
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constant at 1.0 atm. The temperature was varied by ad-
justing the temperature controller while the current was 
continuously recorded. A thermometer was also incorporated 
in the cell to check the temperature of the solution. 
The temperature was varied from 80 °C down to 50 or 
38 
55 °C depending on the magnitude of the current at the lower 
value. The increment of change was 5.0 co. 
Data and Results 
Two temperature studies in 1 N H2so4 and four studies 
in 1 N NaOH (two below and two above the transition region) 
were made. The results are shown in Figure 7. The experi-
mental data have been tabulated in Appendix C. 
Slopes were taken from the curves in Figure 7 and the 
apparent activation energy for each respective curve was 
calculated. The slopes and corresponding activation 
energies are reported in Table VI. The change in the 
activation energy with respect to potential (aEa/aV) is 
also given in Table VI. This slope will be referred to in 
the discussion as it is illustrative of the rate deter-
mining step. 
In Figure 8 the activation energy (Ea) is shown as a 
function of potential (V) for 1.0 N NaOH. Although the 
slope is the same for points above and below the transition 
region, there appears to be a discontinuity in the plot. 
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0 1.0 N NaOH Above Transition ~ EJ 1.0 N NaOH Below Transition 
8 1.0 N H2so4 
v(NHS) 
~732 v 
2.7 2.8 2.9 3.0 3.1 3.2 
Figure 7. Arrhenius plot for the anodic oxidation of 
acetylene in 1.0 N H2so4 and 1.0 N NaOH. 
Solution 
1 N H2so4 
1 N NaOH 
TABLE VI 
SLOPES AND ACTIVATION ENERGIES FOR THE 
ANODIC OXIDATION OF ACETYLENE 
ON A GOLD ELECTRODE AT 80°C 
Potential Slope 
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Figure 8. Activation energy for the anodic oxidation 
of acetylene in 1.0 N NaOH. 
Sample Calculations 
The sample calculations for this section are based on 
the data in Table VI. The data for the test in 1.0 N H2so4 
at a potential of 0.732 v were selected for the sample 
calculations. 
The Arrhenius equation for activation energy is given 
as, 
log k = Ea 2.3RT +A 
where, 
k = rate constant 
Ea = activation energy 
T = absolute temperature 
R = gas constant 
A = constant. 
Since k is proportional to the rate, or current, Ea may 
be found by taking the slope of log i versus 1/T plot 
where 
slope = log i 1 - log i 2 
(1/Tl - 1/T 2 ) 
= -4,355 °K. 
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Then Ea = -(2.3) (R) (slope) = (2.3) (1.987) \4355) 
= 19,930 cal or, 19.9 Kca~ 
V. CURRENT-PARTIAL PRESSURE STUDii:;s 
Apparatus 
The apparatus used was the same as that described 
previously. 
Procedure 
The procedure was essentially the same as discussed 
previously. However, after obtaining a rest potential, 
a potential near the lower end of the linear Tafel region 
was selected and a steady state current obtained at 1.0 
atrn acetylene partial pressure. The partial pressure then 
was reduced and the corresponding steady state current was 
recorded. In order to get sizeable current changes, the 
partial pressure was usually varied in the order 1.0,.0.3, 
0.1, 0.03, and 0.01 atm. The partial pressures were ob-
tained by diluting the acetylene with nitrogen. The total 
gas flow rate was kept constant at 100 cm3jmin to insure 
equal solution agitation. 
Data and Results 
Three partial pressure studies were carried out in 
1.0 N H2so4 at constant potentials of 0.632, 0.682, and 
0.732 v. The data obtained have been plotted in Figure 9 
and are listed in Appendix C. The current was inversely 
affected by partial pressure; as the acetylene partial 
pressure decreased the current increased. 
Four pressure studies were made in 1.0 N NaOH. Two 
tests were performed below the transition region at poten-
tials of +0.018 and 0.068 v and two others were made above 
the transition region at 0.168 and 0.218 v. The results o( 
all four tests have been plotted in Figure 10. The data are 
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2.0 ~ ,__ 
I 
1. 0 ~---------- 0 
0.0 ~----------------------~----------------------~ 
0.01 0.1 1.0 
Acetylene Partial Pressure, atm 
Figure 9. Effect of acetylene partial pressure on 
current for anodic oxidation of acetylene on gold at 80 °C 
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0.01 0.1 1.0 
Acetylene Partial Pressure, atm 
Figure 10. Effect of acetylene partial pressure on current 
for the anodic oxidation of acetylene on qold at 80 •c in 1.0 
N NaOH. 
The partial pressure studies in 1.0 N NaOH differed 
greatly from those in 1 N H2so4 • At potentials above the 
transition region, the current was found to increase with 
increases in acetylene partial pressure. The positive 
pressure effect in 1.0 N NaOH was also more pronounced than 
the negative pressure effect in 1.0 N H2so4 • At potentials 
below the transition region, a negative pressure effect 
existed between 1.0 and 0.3 atm, but changed to a positive 
pressure effect below 0.3 atm. 
At low pressures (0.01 to 0.10 atm) and above the 
transition region in 1 N NaOH, the current behaved 
strangely as it appeared to approach a constant value. In 
order to investigate this further, the flow of acetylene 
was replaced with nitrogen after a partial pressure study 
conducted at 0.268 v (above transition region) had been 
concluded. The current did not drop to zero, but remained 
at approximately the same value for several hours as it 
had been for 0.01 atm acetylene partial pressure. A fresh 
solution was then put into the cell and a rest potential 
reached at 1.0 atm acetylene partial pressure. The 
acetylene was bubbled through the cell for about one hour. 
The acetylene flow rate was again replaced by nitrogen and 
after one hour of nitrogen purging, a potential of 0.268 v 
was impressed on the electrode. The current dropped to a 
negligible value within about. ten ~inutes. This suggests 
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that the organic intermediate products probably adsorb and 
react when the coverage of acetylene is very low; such is 
the case at low pressures. 
It was, therefore, necessary to perform two more 
partial pressure studies in 1.0 N NaOH over a more confined 
region. The potentials chosen were 0.218 and 0.168 v, and 
the partial pressures studied were of the order 0.1, 0.3, 
0.5, and 1.0 atm in each case. The results have been 
plotted in Figure 11 and listed in Appendix c. 
VI. FARADAIC EFFICIENCY STUDIES 
Apparatus 
The apparatus used in this section was more elaborate 
than that used previously. A sketch of the cell and 
auxiliary equipment is shown in Figure 12. 
The power for the constant current (galvanostatic) 
experiments was supplied by a Hewlett-Packard power supply 
(0-500 v). A large resistance was placed in series with 
the cell to insure that the current remained constant. 
The carbon dioxide adsorber was a glass column with an 
inlet in the bottom for the gases from the anodic compart-
ment of the cell. A ~agnetic stirrer was used to disperse 
the bubbles as they entered the adsorber. 
Procedure 
The rest potential was obtained in the same manner as 
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V = 0.218 v(NHS) 
V = 0.168 v(NHS) 
0.6 0.8 
Acetylene Partial Pressure, atm 
Figure 11. Effect of acetylene partial pressure on 
current for anodic oxidation of acetylene on gold at 80 °C 
in 1.0 N NaOH. 
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c 
A - DC Power Supply 
B - Recorder 
C - Temperature Controller 
D - Nitrogen Tank 
E - Acetylene Tank 
F - Gas Rotameter 
G - Glass Cell 




I . - Gold Anode 
J · - Thermometer 
Q 
K- Temperature · sensor 
L - Reference Electrode 
M - Heating Tape 
N - Electrical Relay 
0 - Variac 
P - Water~sealed Gas Exit 
Q - co2 Absorber 
Figure 12. Diagram of the appara~~· used for the 
Faradaic efficiency studies. 
compartments was then closed and the current adjusted to a 
desired value by varying the applied voltage with the power 
supply. The applied voltage from the power source was 
usually between 200 and 300 v. 
A measured amount of saturated Ba(OH) 2 solution was h 
charged into the a~sorber. A 50 milliliter sample was 
withdrawn and titrated with 0.300 N HCl. After gases from 
L 
the cell had been passed through the a~orber, another 50 
milliliter sample was taken and titrated. The total moles 
~ 
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of co2 a~sorbed was then calculated, which with the constant 
current flow and the elapsed time, gave the Faradaic 
efficiency. Faradaic efficiency determinations were made 
at potentials in the linear Tafel region. 
It was necessary to pass current for a day or more in 
order to produce a quantity of carbon dioxide that could be 
measured with reasonable accuracy. Therefore, frequent 
checks of the potential were made to insure that it stayed 
within the linear Tafel region. 
For 1.0 N H2so4 solutions, the above procedure was 
adequate. However, for 1.0 N NaOH, it was necessary to 
~ 
make alterations because the co2 was a~sorbed by the 
electrolyte. 
After performing an efficiency test in 1.0 N NaOH, the 
anolyte was filtered and barium acetate solution added. 
The Baco3 precipitate was collected on filter paper and 
washed with distilled water. The residue was dried, 
weighed, and the co2 content was calculated. As a further 
check the dried Baco3 was placed in water and the mixture 
titrated to a methyl orange end point with HCl. 
Data and Results 
All results of the Faradaic efficiency studies are 
reported in Table VII. Three efficiency studies were made 
in 1.0 N H2so4 at 80 °C and 1.0 atm partial pressure. A 
current of 12 milliamps was passed for periods of 24, 30, 
and 36 hours. The Faradaic efficiencies calculated were 
57.4, 60.5, and 59.3 per cent, respectively. The average 
efficiency was assumed to be 60.0 t 5.0 per cent. 
At 0.1 and 0.01 atm acetylene partial pressures in 
1.0 N H2so4 , the efficiencies were found to be about 24 
and 3 per cent, respectively. In other words, as the 
partial pressure decreased, the overall conversion to co2 
decreased. 
The solution became orange brown in color during the 
efficiency studies in 1.0 N H2so4 . The electrode was 
covered with a thin,dark brown resin. This resin could 
easily be peeled off by allowing the electrode to dry in 
air. It appeared to be inert to hot 1.0 N H2so4 , carbon 
tetrachloride, ethyl ether, benzene, and n-hexane, but 
dissolved to a large extent in hot NaOH solutions to give 
a dark orange-brown solution. 
51 
TABLE VII 
RESULTS OF FARADAIC EFFICIENCY 
STUDIES FOR ANODIC OXIDATION 
OF ACETYLENE ON A GOLD 
ELECTRODE AT 80°C 
Solution Acetylene Current Time 
partial pressure, rna hours 
atm 
1.0 12.0 24 
1.0 12.0 30 
1.0 12.0 36 
0.1 5.0 21 
0.01 s.o 17 











An efficiency study was performed in 1.0 N NaOH, but 
the results were somewhat doubtful. When barium carbonate 
was precipitated by adding barium acetate to the anolyte, 
the filter residue was brown colored. This colored 
material undoubtedly affected the gravimetric determina-
tion as the dried filter residue gave carbonate equivalent 
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to a 125 per cent efficiency. However, after adding the 
residue to water and titrating with HCl, the co3= equiva-
lent gave an oxidation efficiency of 83 per cent. There is, 
however, a possibility of considerable error in the titra-
tion due to a poorly defined endpoint. 
In 1.0 N NaOH, the solution assumed a very strong 
orange-brown color, however the electrode remained bright, 
and no resin or film formed on the electrode. 
Hereafter the orange-brown color in the anolyte and 
the film formed on the anode will be referred to as by-
products of the oxidation. 
By-product Analysis 
The film was removed from the gold electrode by 
electrolysing it anodically in 1.0 N H2so4 at a relatively 
high current density (~0.1 amp/cm2) for about two minutes. 
The resin film was stripped off when the polarity was 
switched to hydrogen evolution. The procedure and appa-
ratus for accomplishing this were the same as that described 
earlier for activating the anode. 
Several experiments and analyses were attempted in 
order to characterize the by-product. The results are 
listed below. 
1. An attempt was made to extract the colored reac-
tion by-product from the 1.0 N H2so4 anolyte employing 
ether, carbon tetrachloride, benzene, and n-hexane. Only 
in ether was there any visible evidence of extraction. 
2. Solvation of the resinous material was attempted 
in 1 N H2so4 , carbon tetrachloride, acetone, n-hexane, 
methanol, and strong base (2 N KOH & NaOH). The resin 
appeared to be totally inert to all solvents except strong 
base. In the basic solutions, it dissolved extensively, 
especially when the solution was heated slightly. In 
concentrating the methanol and acetone solvents, an amber 
color developed. This was assumed due to traces of 
dissolved resin. 
3. Because of the stripping technique, it was con-
sidered necessary to test for the presence of gold in the 
resin. This was done by dissolving some resin in aqua 
regia, neutralizing the mixture and adding tannic acid 
solution. The formation of a purple colloid indicated the 
presence of gold. 
A second sample of resin was made and scraped off 
the electrode with a spatula. The same qualitative 
procedure, as described above, indicated no gold was 
p~esent. The orange-brown anolyte was also subjected to 
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the tannic acid test and no gold was present. This indicated 
that electrical stripping was responsible for removal of 
gold from the anode and that gold was not a chemical constit-
uent of the resinous film. 
4. An analysis was made on n-hexane and ether extracts 
using an F & M model 810 dual flame gas chromatograph. The 
extracts were from both 1 N H2so4 solutions and acidified 
KOH solution in which the resin was dissolved. For the 
n-hexane extract, there were no peaks observed other than 
those due to the solvent. There were three extra peaks 
in the ether extract. 
5. A sample of the resin, obtained by electrical 
stripping, was sent to the Galbraith Laboratories, Inc., 
Knoxville, Tennessee for a carbon, hydrogen, oxygen, and 
sulfur quantitative microanalysis. Their weight analysis 
showed 34.88 per cent carbon, 2.68 per cent hydrogen, 
26.48 per cent oxygen, and the remainder a mineral residue. 
The residue was probably gold or one of its compounds 
formed during the oxidative analysis. They reported that 
the mineral residue content was only approximate and that 
it could change the relative proportions of the components 
slightly. 
An atomic ratio of the individual components was 
. found as follows (assuming the mineral residue to be gold): 
3 C : H : 0 : S : Au = 3 0 : '3 0 : 18 : 1 : ~ 
If it is further assumed that the sulfur is present as 
sulfate, i.e., accomodating four oxygen atoms, the approxi-
mate ratio of atomic carbon, hydrogen, and oxygen would be: 
C : H : 0 = 2 : 2 : 1 
6. The orange-brown anolyte was subjected to an alde-
hyde test using Schiff's reagent and a ketone test using a 
semicarbazide. The results were negative for both cases. 
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7. Three single beam spectrums were made on a Beckman, 
Model IRSA Infrared Spectrophotometer. The first spectrum 
was of an emulsion of the resin with fluorlube. There were 
no peaks other than those due to the fluorlube. The second 
spectrum was made on an ether extract of the orange-brown 
1.0 N H2so4 anolyte. A sketch of the peaks obtained is 
provided in Figure 22, Appendix D. The spectrum indicated 
that the extracted by-product contained 0--H (2.90 p) and 
C==C (6.15 p) bonds, but no C==O (5.70-5.85 p) bonds. The 
third spectrum was of a concentrated solution of the resin 
dissolved in acetone. The results are illustrated in 
Figure 23, Appendix D. The 0--H peak again was present. 
There was also a c--o (9.2-9.3 p) peak, probably due to 
C--OH bonds. Unfortunately, vinyl ether (7.87-8.13 p) and 
aliphatic ether peaks are masked by stretching frequencies 
in acetone as well as those due to C--OH bonding. 
The above analyses eliminate any compounds containing 
a carbonyl group (c~o). This leaves only the choice of a 
poly-hydroxyl compound or a mixed compound with hydroxyl 
groups and ether linkages. Any of the latter having the 
proper carbon: hydrogen: oxygen ratio require enol-type 
structures. There is considerable doubt that this type 
of bond would be stable in an unconjugated system. It 
follows then, that the most probable structure of the resin 
is as follows: 
H OH H OH 
I I I I 
-c=C--c=C-
This type of enol would be stable due to the conjugated 
bonding. This compound would behave chemically as a phenol 
which explains its solubility in basic solutions. 
Sample Calculations 
The calculations in this section are based on the 
following equations for complete oxidation of acetylene to 
co2 and H2o (or H+) : 
c 2H2 + 4H 2o ---> 2co2 + lOH+ + lOe (acidic solution) 
c 2H2 + lO(OH-) ---> 2co2 + 6H2o + lOe (basic solution) 
The data used are taken from Table VII, the 24 hour effi-
ciency study in 1.0 N H2so4 at 1.0 atm acetylene pressure. 
The theoretical amount of co2 formed per Faraday of 
current produced can be calculated by an expression de-












co2 formed for complete oxidation, gmol 
current, amps 
time, seconds 







co2 actually formed, gmol 
difference in amount of HCl used to 
titrate 50 ml aliquots of Ba(OH) 2 from 
the absorber before and after adsorption, 
milliliters 
N = normality of HCl, equivalents/liter 
V = volume of Ba(OH) 2 in the absorber, 
milliliters. 
The Faradaic efficiency is defined as the actual amount 
of co2 formed during the oxidation divided by the theoret-




(5.) (96 '500) 
= 2.15 X 10-3 gmol 
= (4.45) (0.139) (197) (10-5) = 
-3 1.22 x 10 . gmol 




It is evident from the experimental section that the 
rate determining step in acid solutions and the lower 
linear Tafel region in basic solutions is different from 
that in basic solutions in the higher linear Tafel region. 
It is necessary, therefore, to discuss separately the data 
above and below the transition region . The discussion will 
be presented in three major sections: (1) Summary of 
experimental results, (2) selection of a mechanism, and 
(3) correlation of experimental data with theoretical 
equations. 
I. SUMMARY OF EXPERIMENTAL RESULTS 
Current-Potential Studies 
Tafel slopes obtained in solutions of various pH values 
were found to be about 2(2.3RT/F) or (140 mv) both above 
and below the transition region. This normally fixes t he 
rate determining step as the first electron discharge . 
' Temperature Study 
Ordinarily the activation energy is referred to the 
reversible potential which is calculated by assuming 
complete oxidation to co2 and Ht (or H20) . Since the 
products of this study are varied, such a reversible poten-
tial can not be chosen. There are, however, three 
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important conclusions which may be made without consideration 
of the reversible potential: (1) The activation energy is 
high enough to preclude terminal desorption of co2 as a 
rate determining step(J) ~ (2) the change of activation 
energy with potential is about-11 Kcal/volt, and (3) the 
value (aEajaV) is the same both above and below the tran-
sition region. However, there is an apparent discontinuity 
in the activation energy in going from a low to a high 
potential, thus indicating a change in the mechanism. 
Partial Pressure Study 
The partial pressure studies conducted at potentials 
below the transition region revealed that current increased 
as acetylene partial pressure decreased, i.e., (aijaP>v,T<~. 
This indicates some species other than acetylene are 
involved in the rate determining step. 
In basic solutions at potentials above the transition 
region, the current was found to decrease with decreasing 
acetylene partial pressure, (ci/aP>v.T>O. Therefore, an 
acetylenic species is involved in the rate determining 
step. 
The fact that the pressure effect is negative on one 
side of the transition region and positive on the other is 
presented as confirmation that the rate determining step 
definitely changes. Furthermore the transition region 
appears to be dependent on acetylene partial pressure, as 
plots,below the transition region,of acetylene partial 
pressure versus current in 1.0 N NaOH show the pressure 
dependence changing from a negative to a positive value. 
Due to the residual current encountered in 1.0 N NaOH, 
correlations of pressure and current are only applicable 
from 0.1 to 1.0 atrn acetylene partial pressure. In 
1.0 N H2so4 , this residual current effect was particularly 
noticeable at the highest potential (0.732 v) at which the 
partial pressure studies were carried out. 
Fa radaic Efficiency Studies 
The efficiency studies confirmed the presence of pro-
+ ducts other than co2 and H (or H2o). Also, decreasing 
the acetylene partial pressure reduced considerably the 
+ acetylene converted to co2 and H (or H2o) . 
By-product Analysis 
The resinous film formed on the electrode was found to 
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have a C : H : 0 ratio equal to 2 : 2 : 1. Further analyses 
I 
eliminated any type of compound containing a carbonyl group 
(C==O). The presence of 0--H, C==C, and C--QH was indicated 
by infrared analysis. A structure consistent with the 
analyses was given as: H OH H OH 
I I I I 
-C=C--C==C-
II. POSTULATION OF A REACTION MECHANISM 
Adsorption Isotherm 
In a recent paper(J) adsorption of ethylene onto 
platinum from aqueous solutions under anodic conditions 
has been discussed. The adsorption isotherm was formulated 
by considering the following reaction to be in equilibrium: 
where, 
eE = fraction of available surface sites 
covered by ethylene 
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ev = fraction of surface that is uncovered 
The isotherm for a four point attachment was given as: 
(l-eE>4 
= 
CE is the concentration of ethylene in solution, gmol/cm3 • 
The order of magnitude of K estimated by two independent 
c 
methods gave a range of 106-108 cm3/gmol. 
No data were available for calculating the Kc for 
adsorption of acetylene on platinum, but an estimation of 
its magnitude from ethylene adsorption data has been 
given. (6 ) The most probable mode of acetylene adsorption 





Evidence from gas phase adsorption su9gests that acetylene 
forms an immobile layer(?) by means of covalent bonds with 
d-band electrons(S). In the case of platinum, one atom 
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may supply 0.55 vacant d-orbitals , therefore , one molecule of 
acetylene should r equire 4 adjacent surface sites to adsorb. (6) 
Thus, the adsorption isotherm would be of the same type as 
for ethylene. By taking into account the energy difference 
associated with the breaking of one c-c bond in a double or 
a triple bond, and the difference in free energies of 
adsorption due to different adsorbate-solution interactions, 
a value of Kc for acetylene was estimated to be 5 . 5 X 10 8 
to 5.5 X 1010 cm3;mole. The limits of the corresponding K 
. p 
values are 104-106 atrn-l (K is the adsorption constant for p 
the isotherm relating coverage to partial pressure of 
acetylene). 
There are no data available that would enable an 
evaluation of the isotherm constant Kc for acetylene 
adsorption from solution on gold. However, some estimations 
can be made . Since the physical properties of Au and Pd and 
their behavior for the anodic oxidation of ethylene are 
similar, the mode of adsorption and subsequent oxidation of 
ethylene is assumed to be the same . Pd has 0.55 vacant d-
orbitals per atom available for covalent bonding with an 
adsorbed species( 2) as does also Pt. Gold has no d- orbitals 
available for covalent bonding . One would expect that if 
statistically estimated available d-orbitals were important 
for adsorption (mode of attachment) , then Pd and Pt should 
behave similarly in anodic oxidation studies; such is not 
the case. Also Ir and Rh have physical and electrochemical 
oxidation properties similar to Pt, but they have 1.5 
d-orbitals per atom available for covalent bonding. (2 ) 
It is hypothesized that both acetylene and ethylene 
adsorb in the same manner on the metals mentioned above 
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with a two point attachment on adjacent metal atoms. Due to 
the size of the organic molecules and inter-atomic distances 
of the metal atoms, it could be possible for the molecule to 
shield four adjacent sites. A schematic diagram (approximately 
to scale) is shown in Figure 13 for an acetylene molecule 
adsorbed on a gold surface. It is difficult to conclude if 
acetylene blocks only the two sites on which it is adsorbed 
or blocks a total of four due to its size . Thus, both a 
two point and four point isotherm were tested to see which 
best fits the experimental data. 
Since the covalent bond strength between Au and a 
carbon atom is less than that between Pt and a carbon atom, 
it is further hypothesized that acetylene does not adsorb 
on Au as strongly as on Pt. Therefore, KP values lower 
than those for acetylene adsorption on Pt {104 to 106 in 
1.0 N a2so4) were employed for fitting the isotherms to 
the experimental data. 
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0 
C -- C bond distance = 1.34 A0 
C -- H bond distance = 1.06 A0 
Figure 13. Schematic diagram of an acetylene molecule 
adsorbed on a gold surface . 
The hypotheses presented above were the basis for 
testing the theoretical pressure relation with the experi -
mental data. Also Langmuir conditions were assumed to 
apply. 
Reaction Mechanism 
The rate determining step below the transition region 
~ust exhibit the following characteristics: (1) Be the 
first electron discharge step since the Tafel slope is 
2(2 .3RT/F}, (2} involve something other than the adsorbi~g 
acetylene or a species derived therefrom since ci/cP < 0, 
and (3} exhibit essentially no pH dependence in acid 
solution but show a pH dependence in basic solutions . 
The theoretical rate determining step above the 
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transition region must: (1} Be the first electron discharge 
step since the Tafel slope is again 2(2.3RT/F), (2) involve 
adsorbing acetylene, or a species derived therefrom since 
ci/cP > O, and (3) exhibit a decreasi~g pH dependence in 
going from strongly basic to acidic solutions. 
There is an apparent competition (parallel reactions) 
between intermediate species in regard to the formation of 
the resin material and total oxidation products (C02 , and 
H+ or H2o). The initial consideration was to relate these 
competing reactions to seperate mechanisms. This line of 
reasoning was dismissed after considering the fact that the 
requirements listed above allow one to formulate the 
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reaction path up to the rate determining step, but only the 
nature of latter steps . Consideration of the experimental 
data indicates that the competing reactions occur after the 
rate determining step. Furthermore, the Faradaic efficiency 
was approximately the same above and below the transition 
region. The only variable that appreciably affected the 
Faradaic efficiency was pressure and its role in this aspect 
along with the change in mechanism will be discussed later . 
Thus, for the rate determining step below the transition 
region, the substance could only be OH or H2o. In acid 
solutions, the most likely way to obtain OH radicals is by 
H2o discharge . Currents depending on the discharge Of OH-
ions would be diffusion limited up to pH 's of 6 to 8 at the 
current densities used in this study. Since the pH 
dependence was not constant, both sources of oH· will be 
considered. They are: 
acid and base soln. H2°(sol} --> OH(ads}+ H+ +e 
-base soln . OH (sol) -> OH(ads}+ e . 
As the Tafel slope indicates the first electron discharge 
to be rate controlling, the above steps are likely the rate 
determining steps. Thus, the overall reaction sequence 
can be represented as: 
C2H2(sol) <-- C2H2 (ads) - - > 
+ (12a) 
H2°(sol) OH(ads)+ H (sol)+ e -> 
r.d.s. 
- (12b) ( OH (sol} -> OH{ads)+ e 
68 
- > 
C2H20H(ads) + • • • ---> •• • resin (and co2 + H+) . 





kl2a = rate constant for water discharge 
kl2b rate constant for - discharge = OH 
e T = fraction of total surface covered 
with chemisorbed species. 
The coverage of OH radicals is very low< 2 ~ and the coverage 
of all other intermediates may be neglected in comparison 
with eA since they occur in the reaction sequence after 
the rate determining step . Thus, the total coverage may 
be approximated as eT = eA' or (l- eT) = (l- eA) . 
The rate determining reaction above the transition 
region involves either adsorbed acetylene , or a radical 
derived therefrom, in the first electron discharge . Any 
dissociation into a radical and H atoms would involve 
rapid ionization of the H" atom and contribute to the Tafel 
s l ope. This would eliminate radicals formed from this 
type of dissociation from being considered as a reactant 
in any rate determini ng step. Thus, any radical derived 
from acetylene must be formed from a cleavage of the 
carbon- carbon bonds. 
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The adsorption of acetylene followed by splitting , i . e. , 
H H H 
I I I 
C=C - > 2c: 





M M M MM 
would require additional energy (about 146 Kcal /mole) 
connected with breaking the doubl e bond. Even if each 
carbon atom were to form two covalent bonds with the metal 
instead of one, the extra energy needed would be approxi-
mately 80 Kcal/mole in the case of platinum( 6) and even 
higher for gold . Therefore, the possibility of the carbon-
carbon bond being cleaved seems unlikely. 
It is impossible to distinguish whether the species 
in question is adsorbed acetylene or a product of water 
addition since both would give similar kinetic parameters. 
Absence of polymerization products and of acetaldehyde in 
the electrolyte in the anodic oxidation studies of acety-
lene on p l atinum( 6) indicates there is no hydrolysis in 
solution. Thus, the species is assumed to be adsorbed 
acetylene. 
The most obvious reaction sequence appeared to be, 
<- -
--> 
+ + e r .d.s . C2H2{ads) - - > C2H2(ads) 
C2H2 
+ 
+ H2°{sol) - - > C2H20H{ads) + H+ + e 
C2H20H(ads) • • • H20 - >· . . resin (and C02 + H+) 





gold · ( 2) Because of the Taf el slope being 2 ( 2. 3RT/F) , ·the 
first electron discharge should be the rate determining 
step . The above sequence meets all requirements except 
one; it offers no explanation for pH dependence. Another 
possible sequence is: 
C2H2 (sol) <-- C2H2(ads) --> 
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( C2H2(ads) + H20 
+ (14a) --> C2H20H(ads)+ H + e 
r.d . s. ( 
( C2H2(ads) + OH --> C2H20H(ads) + e {14b) 
C2H20H(ads) . . . . H20 
--> 
resin {and C02 + H+) 
The above sequence is consistent with all qualitative 
requirements. The rate for the anodic oxidation of acetylene 
above the transition region can then be expressed as: 
i = {15) 
The two rate equations, (13) and {15), are similar 
in that they both include contributions from water and OH 
discharge and have the same potential dependence. 
III. CORRELATION OF EXPERIMENTAL RESULTS WITH 
THE THEORETICAL RATE EQUATIONS 
This section consists of correlating the experimental 
data with the derived rate equations. An ability of these 
equations to correlate the data would lend support to the 
proposed mechanisms. 
Current-Potential Relationship 
Taking the logarithm of both sides of equation (13): 
log i = 
Differentiating V with respect to log i (holding other 
variables constant), a Tafel slope of 140 mv is obtained 
if a is assumed to be 0.5, i.e., 
av 
alog i = 
2.3RT 
aF = 2(2.3RT/F) = 140 mv 
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A similar treatment of equation (15) yields the same result. 
Thus, the values of the theoretical and experimental Tafel 
slopes agree. 
pH Relationship 
Current-pH values calculated from equation (13) , 
representing the data below the transition region, are 
plotted in Figure 14. The experimental data from Figure 4, 
are also plotted for comparison . The values were cal-
culated by considering the term [nF(l-eA)exp(aFV/RT)] 
constant at a given potential over the entire pH range. 
Equation (13) then becomes: 
i = (16) 
The contribution of k12aaH20 
was calculated from the experi-
mental value of the current in 1.0 N H2so4 • The contribu-
tion from OH- discharge would be .negligible due to its low 
concentration. The term k12baOH- was calculated from the 




























Predicted using equation (13) 
0 Experimental data from 
Figure 4 
V = 0. 4 v (NHS) 
2 I 4 6 8 10 12 14 
pH of Electrolyte 
Figure 14. Comparison of the theoretical and experi-
mental effect of electrolyte pH on · current density for the 
anodic oxidation of acetylene on gold at 80 °C. 
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k12aaH 0 to be insignificant. This would seem to be justi-2 
fied since, experimentally, clog i/opH was approximately 
one in 1.0 N NaOH. 
It was necessary to make a correction for the elec-
trolyte pH at the electrode-solution interface over the 
bulk pH range of about five to nine. The diffusion of H+ 
ions produced by the reaction away from the electrode 
surface causes a concentration build-up at the metal-
solution interface in weakly acidic or basic solutions. 
To illustrate, for a bulk electrolyte pH of seven: 
i = -3 zFD(C.-CB)lO 
- 1 0 
i = current density, arnp/cm2 
z = number of electrons per H+ ion 
produced (1.0/0.6 for 60 per cent 
efficiency) 
F = Faraday, 96,500 coulombs/equiv 
D = diffusivity of H+ ions, 10-4 cm2;sec 
o = thickness of diffusion layer, .01 em 
C . = concentration of H+ ion at interface 
1 
moles/liter 
= concentration of H+ion in the bulk 
of the solution, 10-7 moles/liter 






(10- 4 ) (l0-2 ) (10-3 ) (0.6) + 10-7 
(1) (96,500) (10-4 ) 
-5 
= 6.2 X 10 moles/liter 
which is equivalent to a pH of 4.2 • 
For electrolytes with bulk pH values less than four, 
the concentration build-up at the interface is negligible. 
For bulk pH values greater than nine, the OH- is in suffi-
cient. concentration in the diffusion layer to immediately 
combine with the H+ produced. The theoretical curve agrees 
well with the experimental one. 
Values calculated from equation (15) are plotted in 
Figure 15, along with data from Figure 5, representing 
the upper side of the transition region. The curve repre-
senting the theoretical correlation was found in the same 
manner as discussed above. It was not necessary to con-
sider the effect of k14aaH 20 , since, above the transition 
region, there are no experimental data below a pH of six. 
Although the experimental values miss the theoretical 
values slightly in the intermediate pH range, the correla-
tion is considered adequate. There existed a possibility 
of error both in the extrapolation of the experimental 
curves to a constant potential and in the assumption that 
eA was constant. The important point to consider is that, 
experimentally, alog i/apH is about zero in stro~g acid 


































Experi me ntal data from 
Figure 5 
Predicted using equation 
v = 0.4 V(NHS) 
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Figure 15 . Comparison of the theoretical and experi-
mental effect of electrolyte pH on current density for the 
anodic oxidation of acetylene on gold at 80 °C. 
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accord with the theoretical rate equations both above and 
below the transition region. 
The effect of pH on potential for a constant current 
~s plotted in Figure 16 for equations (13) and (15) . The 
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experimental data from Figure 6, are plotted for comparison. 
The method of obtaining starting points was the same as 
discussed above; however, in this case, current was held 
constant and potential was varied as a function of pH. 
Using equation (13) as an example, V is solved as a function 
v = 
RT 
+2. 3 -p[log i 
At a given current density the last term in equation (17) 
is constant. Then, the av;apH can be obtained. The 
(17) 
experimental values agree well with the theoretical curves. 
The pH relationship for equation (13) can be summarized 
as follows: 









= 0 for acid solutions 
= 1 for basic solutions 
= 
= 0 for acid solutions 
= 2(2.3RT/aF) = 140 mv for 
basic solutions. 
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1. ~-
Predicted using 
equations (13) and (15) 
0.2 08 Experimental data from 
Figure 6 
0.0 2 . 0: 4.0 6.0 8.0 10 . 0 12.0 14.0 
Solution pH 
Figure 16. Comparison of the theoretical and experi-
mental effect of electrolyte _pH on potential for the anodic 
• \ 
oxidation of acetylene on gold at 80°C. 
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The pH relationships for equation (15) have also been ob-







= 0 for acid solutions 
= 1 for basic solutions 
= 0 for acid solutions 
= 2(2.3RT/aF) = 140 mv for basic 
solutions. 
The theoretical variation of activation energy with 
potential can be found in strong acid solutions from 
equation (13). The equation to be considered then becomes 
(neglecting the k 12baOH- term from previous considerations) : 
aFV i = nFkl2aaH20(1-eA) exp( RT) (18) 
The term k 12a is a chemical rate constant and by use of the 
Arrhenius relationship can be expressed as A exp (-E*/RT). 
Substituting for k 12a and taking the derivative of the log 
of both sides of equation (18) with respect to (1/T): 
alog i 
a < 1) T 
= 
-E* aFV 
2.3R + 2.3R = 
-Ea 
2.3R 
Using this expression, the variation of the apparent acti-
vation energy with potential is found as: 
(aEa) = -aF = -11.53 Kcal/volt 
av 
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The s ame value is obtained for basic solutions , both above 
and below the transition region. This theoretical value 
agrees well with that obtained experimentally. (See Table VI). 
Partial Pressure Studies 
The effect of acetylene partial pressure on the con-
trolling mechanism has already been discussed . The 
qualitative result was that by decreasing the acetylene 
partial pressure, the rate of anodic oxidation cha~ges 
from that described by equa tion (13) to equation (15) . 
To explain this partial pressure effect, the followi~g 
is assumed: (1) The amount of acetylene adsorbed onto the 
gold ~ecreases as the pH of the solution increases and 
(2) H2o (or OH-) will unde rgo discharge only when it is 
adsorbed adjacent to an adsorbed acetylene molecule. The 
first assumption is quite consistent with solubility data 
presented elsewhere. (9 ) The second would be feasible if 
some interaction with the adsorbed c2H2 facilitated the 
w~ter discharge. This is consistent with the very low 
oxide coverage on gold electrodes in aqueous solutions at 
potentials where the acetylene is reacting . 
In the case of equation (13) (on the lower side of the 
transition region) , the electrode surface could be repre-
sented as illustrated in Figure 17. (The acetylene is 
shown with a two point attachmen~ which i s satisfactory 
for this q ualitative treatment.) It can be seen that 
1 Vacant Sites l CJ Adsorbed c2H2 0 ~ Molecule 







Same nomenclature as in Figure 17. 
Figure 18. Gold electrode surface with low adsorbed 
acetylene coverage. 
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almost every vacant site is adjacent to an adsorbed c2H2 
molecule, thus any water molecule (or OH- ) adsorbing could 
undergo discharge. The overall r ute depends, therefore, 
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on (l- 0A) and the r ate would be r elated to pressure through 
the adsorption isotherm. The proper isotherm would be given 
by assuming the correct number of points of attachment 
(two or four) of the acetylene molecule to the gold surface. 
~ n the case of equation (15) (on the upper side of the 
transition region), the electrode surface could be represent-
ed as illustrated in Figure 18. As shown, there are several 
chances for an H2o molecule (o~ OH-) to adsorb on the 
surface and not be adjacent to an adsorbed c2H2 molecule. 
If only water molecules {or OH-) adsorbing adjacent to the 
adsorbt•d c2H2 molecules react, then the rate of reaction 
would depend on eA . However, the eA term will not only 
incl~de the area that the acetylene molecule is adsorbed 
on , but must include vacant sites around it on which water 
can discharge . This idea is illustrated in Figure 13, in 
which a simplified illustration is given of an acetylene 
molecul e adsorbed with a two site attachment, but possibly 
blocking four sites. As seen in the figure, the number of 
sites associated with an adsorbed c2H2 molecule for this 
l atter case might be as high as eight to twelve. Thus, 
an adsorption isotherm represented by an attachment of 
eight to twelve could be feasible. 
In order to correlate the acetylene partial pressure 
studies, it was necessary to calculate e as a function of A 
pressure , and then plot current as a function of eA or 
(l-0A) as the case may be. eA was found as a function of 
acetylene partial pressure by using the isotherm: 
0 A 
= 
Appropriate values of n (number of sites associated with 
one acetylene molecule) and K were found by trial and p 
error. 
In order to illustrate the procedure, values of n 
and Kp have been chosen as 4 and 104 , respectively. PAis 
plotted as a function of 0A , Figure 19. Equation 13 has 
been used for this example. At a constant potential and 
pH, the following term may be considered constant with 
respect to changes in acetylene partial pressure: 
aFV)] [nF(kl2aaH
2
o + kl2baOH-) exp( RT 
Thus, equation (13) simplifies to: 
i = (constant) (l-0A) (19) 
Using an acetylene pressure of 1 atm and the corresponding 
values for 0A (Figure· 19), the current for a specific 
potential (Figure 9) can be obtained, and a value for the 
constant can be calculated. (Constants at other potentials 





















































K p ~ 10
4 
0.6 0 . 8 1 . 0 
Figure 19 . Acetylene adsorption isotherms for a four 
point attachment on a gold surface . 
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for par t icular partial pressures and potentials were cal-
culated for various acetylene pressures . This procedure 
was continued until t he three current- partial pressure 
curves in Figure 9 (the experimental section) were best 
fitted by the same n and K • The same procedure was p 
applied for the data (above the transition region) in 
Figure 11 using equation (15) . 
Values of current versus acetylene partial pressure 
were calculated using a computer and the experimental data 
at 1.0 atm. For equation (19), values of two and four were 
used for n. K values ranged from 10 to 106 in increments p 
of 10 for each n. A Newton iteration procedure was 
employed to determine 0A for specific values of PA. The 
four point attachment isotherm with K = 104 gave the best p 
fit . The values for these parameters are plotted in Figure 
20. The experimental data from Figure 9 is also shown for 
comparison. 
Values of current versus acetylene partial pressure 
were also ca:culated, as described above , for the experi-
mental partial pressure data shown in Figure 11 that apply 
to equation (15) (above the transition region). Values of 
n r a nging from two to ten in increments of two and values 
ranging from one to ten in increments of 0 .50 were used . 
The values of n = 8 and K = 2.5 fit the experimental p 
data best. The theoretical values of current versus 
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PrGdicted from equation (13) 
































H 0~ ~ ,_: v = 0.632 v 






















Acetylene Partial Pressure, atm 
Figure 20. Comparison of the theoretical and experi-
mental effect of acetylene partial pressure on current 
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density for the anodic oxidation of acetylene on Au at 80 °C. 
partial pressure are plotted in Figure 21 as well as the 
experimental data from Figure 11 for comparison. Although 
the theoretical values f it the experimental data very well, 
the four point attachment can not be excluded completely . 
Using a K = 3.5 , the four point attachment also fits the p 
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data within experimental limits. The only way to be certain 
which attachment isotherm cor rectly represents the data woul d 
be to obtain data at lower acetylene partial pressures , which 
as mentioned previ ously does not seem feasib l e. 
It was discussed earlier, that in order to make these 
pressure correlations, Langmuir conditions were assumed to 
apply. Evidence has been given elsewhere that when 
coverages on electrodes were such that eA > 0.8 or eA < 0.2 
the Langmuir isotherm could be applied with reasonable 
accuracy. (lO) Therefore for this study the lower l i mit 
allowed for acetylene coverage in correlating equation (l3) 
was eA = 0 .8, the upper limit for correlating equation (15) 
was eA = 0.2. The values for 0A over the pressure range 
studied are l isted in Table VIII . The correlation is 
considered to be within the limits of the assumptions. 
React io::1 Products 
The most probable explanation for the incomplete oxi-
dation of acetyl ene on a gold electrode is similar to that 
presented by Dahms and Bockris ( 2 >. concerni~g anodic ox ida-
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Predicted from equation (15) 
0 Experimental data from Figure 11 
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Acetylene Partial Pressure, atrn 
Figure 21 . Comparison of the theoretical and experi-
mental effect of acetylene partial pressure on current 
density for the anodic oxidation of acetylene on Au at 80 °C. 
TABLE VIII 
PRESSURE- COVERAGE RELATIONSHIPS FROM ISOTHE&~S 
USEu FOR ADSORPTION OF ACETYLENE 
ON GOLD ELECTRODES AT 80°C 
K = 10 4 p 
n = 4 
K = 2.5 p 
n = 8 
Correlation for Cor relation f or 




0 . 01 
equation (13) 
e A 
0 . 903 
0 . 870 
0.831 
0 . 780 
0 . 715 
equation (15) 
1 . 00 





0 . 250 
0 . 203 
0.170 
0 . 144 
0 . 104 
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"'-'M-C = metal-carbon bond energy, Kcal/mole 
EM ., = metal-metal bond energy, Kcal/mole 
-.l'J. 
Ec-c = carbon-carbon bond energy, Kcal/mole 
XC = electronegativity of carbon 
XM = electronegativity of metal 
The heat of sublimation for ?t and Au, approximately equal 
to the bond energies, are given in Table I. The electro-
negativities of Pt, Au, and carbon are 2.2, 2.3, and 2.5 
respectively. (l 2 ) Acetylene has two n bonds and one o bond. 
One may assume, for an approximation, that the energy 
required to break the first n bond is ~54 Kcal/mole (the 
difference in the bond energy of C==C and C==C), {l3 ) the 
energy to break the second n bond is ~63 Kcal/mole (the 
difference in the bond energy of C==C and C--C), and the 
energy of the a bond to be about 83 Kcal/mole (the energy 
of a c--c bond) . Assuming that the first TI bond is broken 
when acetylene is adsorbed, the strengths of the respec-
tive metal-carbon bonds for Pt and Au are: 
EPt-C = 
1 (:25 + 54) + 23.06(2.5 - 2. 2.) 2 2 
= 91.5 Kcal/mole 
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EAu-C = ~([·~+54) + 23.0C(2.5- 2.3) 2 
= 70 Kcc.:/mole 
It should ,_;e noted that EPt-C a;:Jd EAu-C are the s~r.rrle hor.· 
energies for ~he metal-carbon bond. There are, however, 
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two metal-carbon bonds formed in each case from the acety-
lene n bond rupture. This leaves for the adso~bed acetylene 
molecule, one carbon-carbon n bond, one carbon-carbon o bond, 
a~d two carbon-metal bonds. Of the three types of bonds 
involved t~e carbon-carbon n ~ond is the weakest, therefore, 
it is conceivable that this bond would be broken second 
(the first broken by adsorption). Thus, the initial a~tack 
on an adsorbed acetylene molecule is probably the same on 
Au ~s on Pt. In the case of Pt, the next most probable 
bond rupture would be the carbon-carbon o bond (~83 Kcal/mole 
versus ~91.5 Kcal/mole for Pt-carbon bond), but for the gold 
surface the Au-carbon bond strength (~70 Kcal/mole) is 
slightly less than that of the carbon-carbon o bond. There-
fore it is possible that the metal-carbon bond for Au could 
be broken before the carbon-carbon o bond, thus allowing 
a partially oxidized acetylene molecule to be desorbed. 
The decrease of co2 production with decrease in 
acetylene partial pressure might be explained by examining 
the following possibilities of detachment for a partially 
oxidized acetylenic molecule. 
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(1) If an adsorbed OH is located adjac~nt to a ?artially 
oxidized intermediate, a carbon-metal bond cleavage 
might occur with the carbon attachi~g to the OH, 
t hus forming a more completly oxidized inter-
mediate. 
(2) If an adsorbed acetylene molecule is located 
~djacent to a partially oxidized intermediate, a 
carbon-metal bond cleavage might occur with the 
carbon attaching to the acetylene molecule. The 
resulting arrangement would involve a four carbon 
molecule wi t h one end attached to the metal. The 
other partially oxidized end would be subject to 
further cleavage or union with another partially 
oxidized intermediate. 
(3) If two partially oxidized intermediates are 
adjacent to each other they could each break a 
metal-carbon bond and joi~thus leaving a weakly 
adsorbed p~~tially oxidized resin intermediate. 
Whenever the parti ally oxidized intermediates attach to an 
adsorbed acetylene molecule , their tendency to form cha ins 
is probably terminated because the resulting derivative is 
held to the Au surface until a part of it is broken up by 
oxidation . Such is the case at high acetylene partial 
pressures, where the surface concentration of acetylene is 
high. As the partial pressure of acetylene is lowered, the 
relative surface concentrations of the partially oxidized 
intermediates are increased and the probability of chain 
formation of the intermediates is increased . The surface 
concentration of adsorbed OH is low at all times and there-
fore does not increase to any extent with large decreases 
in adsorbed acetylene. Thus, the probability of the par-
tially oxidized intermediates contacting adsorbed OH is 
no greater at low acetylene coverages than a~ high acetylene 
coverages . 
CHAPTER V 
RECOl"IMENDA? I ON S 
Anodic Oxidation of Ethvlc ne o n Gold 
It wou l d be adv~ntageous to have a complete study of 
the anodic oxidation of ethylene on gold. Since it has 
been . repo~ted{ 2 ) that only two e lectrons are transferred 
in its incomplete anodic oxidation to ketones and alde-
hydes, it might be possible to predict the entire seq1.· ·nee 
of steps. With t he entire sequence known, the partial 
oxidation would be better understood . Also, a quantitative 
correlation of current versus acetylene partial pressure 
for the theore tical rate equation would tend to identify 
the proper mode of attachment , whicn is useful both in 
electrochemical studies and gas phase hydrogenation kinetics . 
Anodic Oxidation St~dies o f Other Materials 
It is conce i vable that anodic reactions of aromatic 
hydroca~bons on gold electrodes might yield partially 
oxidized compounds of signi~icant commercial value. There 
is another type of study in this area that is relative l y 
unexplore d, the oxidation of organic mixtures; for instance 
benzene and ethylene. It might be possible to obtain 
various organic compounds such as acetophenone. 
CHAP~ER VI 
SU~~RY AND CONCLUSIONS 
The anodic oxidation of acetylene on gold electrode s 
was studied at 80°C in solutions of H2so4 + K2so4 , and NaOH. 
Reaction rates were measu~ed as a function of potential , 
pH, temperature, and partial pressure of acetylene . Coulom-
bic efficiency was deterrr.ined by measurement of co2 produc-
tion. A transition region (apparent change of mechanism) 
was found in the Tafel plots. 
The following parameters were found below the transition 
region, 
av 
<alog .)v ~ 140 mv, ~ , T,pH 
ai (-ap-)V,T,pH < O, 
(alog i) ~ O(pH < 6) 
apH V, T,P l(pH > 6), 
aEa 
<av->P , pH ~-11 Kcal/volt 
above the transition region all parameters remain the same 
except, 
ai (~)V, T,pH > O . 
The coulornbic efficiency is 60 ± 5 per cent in 1.0 N 
H2so4 and 80 ± 10 per cent in 1.0 N NaOH. The efficiency 
decreases with decreasing acetylene partial pressure . A 
resin film (dark brown in color) is formed on the anode in 
acidic soluti ons, but not in basic solutions. The anolyte 
is orQnge- brown in color after each test regardless of pH. 
The resin film was a~alyzed and found ~o have a carbon: 
hydrogen:oxygen ratio approximately 2:2:1. The reac~ion 
mecnanism, below the transition region , is interpreted in 
terms of the following sequence: 
C2H2(sol) <-- C2H2 (ads) -> 
r.d.s . 
( H2°(sol) - -> OH(ads) + H+ + e ( 
( OH - (sol) --> OH (ads) + e 
C2H2(acis) + OH(ads) -> . . . fast 
Above the transition region the r.d.s. changes to 
~ C2H2(ads) + H2°(ads) 
( C2H2(ads) + OH (ads) 
--> 
--> 
C2H20H + E+ + e 
c2H20H + e 
A rate equation, which quantitatively accounts for 
the experimental data below the transition region, i s 
i = 
A second equation, which quantitatively accounts for tne 
experimental data above the transition region, is 
i = 
The cha~ge in mechanism is attributed to the coverage 
on the e lectr ode shifting to a sma:l value (0A < 0 .25) . 
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All other results are qualitatively explained in the discussion . 
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APPENDIX A 
!v'JA TERIALS 
The following is a li5t of the matcria:s and reag ~nts 
used in this investigation. A detailed analysis of the re-
agents may be obtained from ·the chemical catalosue of the 
respective supplier. 
1. Acetylene. Purified, Matheson Company, Joliet, 
Illinois. 
2. Acid, Sulfuric. Reagent grade, Fisher Scientific 
Compa~y, Fairlawn, N. J. 
3. Mercurous Chloride. Reagent grade, 
Scientific Company, Fairlawn, N. J. (used in reference 
electrode) • 
4. Mercurous Sulfate. Reagent grade, Fisher Scien-
tific Company, Fairlawn, N. J. (used in reference electrode). 
5. Potassium Chloride. Reagent grade, Fisher Scien-
tific Company, Fairlawn, N. J. (used in refereLce elec~rode) · 
6. Potassium Sulfate. Reagent grade, Fisher Scien-
tific Company, Fairlawn, N. J. 
7. ~od~um Hydroxide. Reagent grade, Fisher Scien-
tific Company, Fairlawn, N. J. 
APPENDIX B 
APPARATUS 
The following is a list of the principal components 
used in this investigation. 
1. Gas Prooortioner. Matheson model 665, Dual flow 
control, Matheson Company, East Rutherford, N. J. 
2. Glass Cell. Designed by Dr. J. W. Johnson, U. of 
Mo. at Rolla, built by Mr. R. Wren, u. of Mo. at Columbia. 
3. Magnetic Stirrer. Magnestir model 1250, Lab-line 
Instruments, Inc., Melrose Park, Ill. 
4. Potentiostat. Anotrol, Model 4100, Anotrol Divi-
sion of Continental Oil Co., Ponca City, Oklahoma. 
5. Power Supply. C-500 v, 0-100 rna, Model 711A, 
Hewlett-Packard Company, Palo Alto, California. 
6. Power Supply. 0-500 v, 0-10 amp, Gates Electronics 
Company, New York, N. Y. 
7. Recorder. Moseley Autograph, Model 7100A strip 
chart recorder, F. L. Moseley Co., 433 No. Fair Oaks Ave., 
Pasadena, California. 
8. Temperature Controller. YSI Thermistemp Model 71, 
Yellow Springs Instrument Co., Yellow Springs, Ohio. 
APPENDIX C 
DATA 
The following tables include the data obtained in t ho 
current- potential studies , current- temperature studies , and 
current- acetylene partial pressure studies. The potential 
listed is that actually measured. The electrode potential, 
with respect to the normal hydrogen seal~ may be found by 
adding the potential of the reference electrode to that 
listed in the table. The listed current can be converted 
to current density by dividing by the geometric surface 
area of the electrode . 
TABLE IX 
CURRENT- POTENTIAL RELATIONSHIPS FOR 
ACETYLENE OXIDATION ON A SMOOTH 
GOLD ELECTRODE AT 80°C 
1 . 0 N H2so4 H2so4- K2so4 









0 . 10 
0 . 15 
0 . 20 
0 . 25 
0.30 
0.35 












36 . 2 
70 . 0 










0 . 20 
0 . 25 
0.30 
0 . 35 
0.40 
0 .4 5 
100 
Mixture 
= 30 . 2 em 2 




0 . 015 
0.022 
0 . 205 
0.505 





65 . 0 
110.0 
173.0 
* using an Hg/Hgso
4




CURRENT-POTENTIAL RELATIONSHIPS FOR 
ACETYLENE OXIDATION ON A SMOOTH 
GOLD ELECTRODE AT 80°C 
K2so4 K2so4-KHC03 Mixture 
Area = 30 . 2 em 2 Electrode Area = 30.2 ern 
2 










0 . 10 






pH = 6.0 
Cur:::ent 
rna 
0 . 037 
0.27 
0.55 




12 . 5 
19 . 5 
44 . 0 






- 0 . 40 
-0.35 
- 0.30 
- 0 . 25 
-0 . 20 
- 0.15 
- 0 . 10 
- 0 . OS 
o.oo 
0 . 05 
0.10 
0 . 15 
pH = 8.6 
Current 
rna 
0 . 027 
0.053 





12 . 5 





* Usi ng an Hg/Hgso4 , 1. 0 N H2so4 refer ence e l ectrode ~ 0 . 632 v) 
TABLE XI 
CU:RRENT-POTENTIAL RELATIONSHIPS FOR 
ACETYLENE OXIDATIO~ ON A SHOOTH 
GOLD ELECTRODE AT 80°C 






- 0 . 65 
- 0.60 
- 0 . 55 
-0 .so 
- 0 . 45 















0 . 015 





2 . 36 
4.85 
13.1 














- 0 . 05 
o.oo 








30.2 em 2 
1.0 atrn 






0 . 58 




31 . 5 
100.0 
i 7 0 . 0 
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* Using an Hg/HgS04 , 1.0 N H2so4 reference electrode \0.632 v) 
** Using a calomel refe rence electrode with 1 N KCl (o. 268 v) 
Potential* 
v 
+0 . 10 
+0 . 20 
TABLE XII 
CURRENT-TEHPERATURE RELATIONSHIPS FOR 
ACETYLENE OXIDATION ON A SMOOTH 
GOLD ELECTRODE I~ 1.0 N H2so4 
Electrode Area = 30.2 2 em 
= 1 . 0 atrn 





70 . 0 
65 . 0 
60.0 





65 . 0 
60 . 0 











3 . 0 
2.07 
l . t.2 
0 . 96 
0.63 
0.41 
* Using an Hg/Hgso4 , 1.0 N H2so4 reference electr ode (0 . 632 v) 
Potential* 
v 
- 0 . 30 
-0 . 25 
0 . 05 
0.10 
TABLE XIII 
CURRENT-':'EHPERATURE RELATIONSHIPS FOR 
ACETYLENE OXIDATION ON A SHOOTH 
GOLD ELEC'I'RODE IH 1. 0 N NaOH 
Electrode Area = 30 . 2 em 2 
C2H2 Pressure = 1.0 atm 
Electrolyte pH = 12.5 
Temperature 
oc 
Below Transition Region 
80.0 
75 . 0 
70.0 
65 . 0 
60.0 
55.0 
30 . 0 









65 . 0 
60.0 
55.0 















0 . 157 
0.107 







5 . 7 
4.5 











0 . 05 
0.10 
TABLE XIV 
CURRENT-PRESSURE RELATIONSHIPS FOR 
ACETYLENE OX:DATION ON A St100TH 
GOLD ~LECTRODE IN 1.0 K H2so4 
AT 80°C 
Electr ode Area = 30 . 2 cm2 
E: ectro1yte pH = 0 . 35 
C2H2 Pressure 
atm 
1 . 0 
0.3 
0 . 1 
0 . 03 
0 . 01 







0 . 3 





0 . 12 
0 . 16 
0 . 22 
0 . 307 
0.36 
0.3 
0 . 42 
O. SG 
0.635 
0 . 655 
0 . 74 
0.87 
0.95 
l. . OS 
1.04 
0.90 








CURRENT-PRESSURE RELATIONSHIPS FOR 
ACETYLENE OXIDATION ON A SMOOTH 
GOLD ELECTRODE IN 1.0 N NaOH 
AT 80°C 
Electrode Area = 30.2 cm2 
Electrolyte pH = 12.5 


















































CURRENT-PRESSURE RELATIONSHIPS FOR 
ACETYLENE OXIDATION ON A SMOOTH 
GOLD ELECTRODE IN 1.0 N NaOH 
Electrode Area = 30.2 cm2 
Electrolyte pH = 12.5 
c2H2 Pressure 
atm 




















* Using a calomel ref~rence electrode with 1 N KC1 (0.268 v) 
APPENDIX D 
INFRARED SPECTRUMS 
The following figures include a sketch of the in-
frared spectrums obtained from ether extract samples and 
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Figure 22. Ether extract of orange-brown 1.0 N H2so4 
a nolyte versus pure ether. 
dP 
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Figure 23. Solution of resin dissolved in acetone 
versus pure acetone . 
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